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THE    DETECTION     AND     ESTIMATION     OF     ,,-NAPHTHOQUINONE 
/^-NAPHTHOQUINONE,  PHTHALONIC  ACID  AND  PHTHALIC  ACID. 

Uv  Mmti.ank  C    Koswki.i. 

Kiii-ivril  Dr.'cmliiT  Klh.  ii--- 

n„r>nK  the  ,«,nj;.cs.  ..f  research  upon  the  mechanism  of  the  oxida- 
,,„„  of  naphthalene  to  pu.nal.c  aci.l,  it  was  fonml  necessary  to  be  prov,,!- 
ciwith  methoils  for  the  .letection  and  accurate  determ,nat,on  ol  a- 
naphtho.inmo„e,  /y-naphtlmqu.nune.  phthalonic  and  and  phtha he  ac..l. 
a.ul  also  «ith  a  n.etho.l  f.-v  the  determination  of  phthahc  aci.l  in  the 
„„xture  of  or^-anic  aculs  formed  hy  the  oxi.iation.  As  no  such  methods 
are  described  ...  the  chemical  literature,  I  was  forced  to  work  t'-ein  out 
fur  mvself;  a.ul  after  a  ...imher  of  preliminary  trials  arrived  at  the  follow 
„i«  which  have  ..roved  very  satisfact.,.y.  both  as  to  the  simplicity  of  the 
operations  inv..hed,  an.l  the  accuracy  of  the  results  obtained. 

nrlrrn,huU.^r<^l'^--y''pl'''''''l>'i''<'"'  'l*'"^  compound  was  prepare.! 
by  the  n,elhod  of  Japp  and  MUler'  which  .s  an  unprovemeut  on  the 
method  of  Groves'. 

The  reaction  of  the  <,uinone  which  seeme.i  best  suited  for  the  purposes 

'  ]    Cliom.  Soc.  39    ■»'"  I  1^""  ' 
I.ieliiK'^  Ann    167,  357.     '^-."^^ 
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i)f  an  analyliiMl  imiliixl  is  tli.it  with  st.imii>u>  (.liluti.U-,  wliicli  li.i>  U-fii 
used  by  lMimi)t..n'  and  l.v  K>i-.si«-  f>>r  the  i.niuiatioii  "I  ..  h\.li.. 
na]>hthc)(|uiiiont.'  and  it-<  ilcrivativus. 

In  thf  first  ex!H'rinu-nt>  1  treated  the  iiuiniiiK-  with  i  liini'  '|iiaiitit\ 
of  llie  stannous  -  ilt,  and  attt-inpti'd  to  iKtirniiiu  thr  ixn-s  ul  tht-  laiut 
with  dfcinoriii.d  HKlim-.  No  salistaitorv  n-ults  witc  ohtaim-d.  h-'WiAcr. 
eitlicr  at  r<«iin  tiniiK-ratuir,  or  at  hh.'.  Tliis  ni'Kht  ht-  anniiiitid  t.>t 
hy  thf  action  ol  lodiiit-  on  the  li\dronai>lithoi|umoni-  tornu-d  l«v  tin- 
reduction;  hut  even  when  the  latter  wa>  iiiiiovid  tlu-  i.-nll-  wcie  Mill 
unsatisfactory. 

The  plan  was  then  chativ;ed.  and  the  st.iniioii-.  s.ilt  \v.i>.  added  to  the 
(|ninoiu  Iroiii  .i  hiiretle  until  the  re<lii.  tioii  wa- i oiiiiih  le,  tile  eiitl  jMiint 
lit'nK  reconni/fd  hv  the  ah-eiue  of  ch.iiacteiistii  loloi  te.utioti-.  ol  the 
c|uinoin  Two  inetho.l-.  of  working  were  studied,  ditl.  iiiiK  m  the  nature 
of  the  indicator  chosen;  hotli  ^ive  ^ood  lesiilts.  .ind  in  e.i.  h  jSiiCI  weie 
re(iuired   for  one  tiiol    of  C|JI,(>.. 

I'irst  Mithod  :       \  decinoniial  -olutioii  of  M.uiiioUs  .  hloiidi-   in  two  per 
cent,  hydrochlorii-  .icid    is  run  into  the   lUoholi.   -olution  ut   the  (|iiiiioiie 
UMtil  the  yellow  color  ot  the  litter  is  ;ilniONt  .ii-i  haiv;ed  The  .iddilioii 

of  the  stannous  chloride  is  then  proceedeil  with  <lrop  l.\  drop,  testiiin 
after  each  addition  on  .i  w.itch  ^;lass.  with  a  diop  oi  two  ol  .i  iiiixtiire  ot 
e.iu:il  voluiiies  of  pheiivl  hydra/.iiie  and  alcohol.  So  loii^  i-  i  tr.ueol 
the  (|uinoiie  remains  a  hiinht  pink  color  is  foinied  T.ikeii,    <«  o;.-.  v; 

<luiiioiie  ;  found,  o.i)7<>  f,.  ' 

St :o»d  Method:  Tt)  the  alcidiolic  solution  of  the  .|uiiioiie.  tlree 
or  four  drops  of  freshlv  distilled  aniline  ire  .i.Uled,  and  the  whole  is 
hoiled;  v.liereupoii  it  luriis  hrinht  red  .  Decinorni.d  st.iiiiioiis  chloiide 
is  then  run  in  from  a  burette,  heating'  to  Uiilini;  after  e.icli  addiiioii, 
Ul  -il  the  re.l  color  is  complete'  discharged.  If  the  end  point  li  is  been 
over-stepI>ed,  a  volumetric  soi  .turn  of  the  ii.iphtho(|iiiiioiu-  iiias  be  usetl 
for  titrating  back.       '  Taken,  (...700  >;■  iiuiiioiic;  found,  o  '>;-'  K     • 

Puiifiaition  ol  \i  Saphtlwifuinoti,-.  This  .•omiiound  was  pieiMud 
accordiiij;  to  the  method  of  I,a);od/inski  ati(i  llardiiie'',  about  (0^.0! 
crude  (luinone  U-in^  obtained  from  50  f,.  /^luiphthol.  No  method  loiil.l 
l>e  found  in  the  literature  for  the  purification  of  this  cinde  iii.iteti.il,  ,iiicl 
attempts  to  recrystalli/e  it  from  cllier,  .dcohol,  b.  n/ciie,  petioleiiiii  elhet, 
.icetone,    cliloroforiii    or  mixtures  ot  these,  were  iiiisiiccesstiil. 

'  J,  (.'hem.  Sen-    37,  ii.o  1  1SS"1. 
■J.  pr.   Clieiii    170,  ;,.'  I  ui-M  . 
If  tlieacid  is    too    ci.iuciitrate.l,    seine    ..I    KiLipI.     iii.l   S.liult/-.    ..itu.i  (.Koii, 
r..iiii»Miii.l  iii.iy  l)eforiiieil.   .\iiii    210,   i  ;S  ■  issi 
'  Her,  17,  3ii2'>,  1  1.SS4). 

J    Cheiii,  S<ic    37,  ti^s  '  iS"*!) 
'■  Ber,  J7.  ,1,075  '  1^44 '• 
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The  folIowiiiR  iiiiUkmI  l.ased  «n  the  reduction  of  the  .minmie  to  the 
.■orris|K.ii(linK  liydnwuiinoni-  and  sul>se<|iient  oxidatiuti  of  the  latter, 
li.twiwr,  ctTet■t^  a  coniplite  jmritkatioii  withmu  lo■^^  ol  material 

Twenty  K^anis  of  the  crude,  d.tfl  .  ..U.red  .ininonc  is  phioed  in  a  =iOL) 
CO  Krlenmever  tlask.  -vv-cc  ul"  wai.  i  saturated  with  snli-hnr  dioxide  i- 
added,  tlie  tlask  is  ...rked  t.^•lllly  aii.l  the  whole  shaken  viokiitlv  lor 
alK)Ut  half  a  minute  or  .  ntil  nearly  all  is  disMilved.  The  shakinj;  niust 
not  \k'  continued  t.Kj  lonn  or  there  will  he  a  loss  due  to  the  separation  ot 
hvdr.Mininnne  from  the  M.lutioii  The  mixture  is  then  .luickly  filtered  In 
suction  through  a  Mudmer  |)erlbrated  funnel  <lirectly  into  a  solution 
etmtainiiiK  (x.  grains  |M)tassinm  biihroniate  and  40 cc.  lonc  sulphuric  .u  ul 
in  1  j.H,  cv  water  cooKd  to  5"  ...^  Tlie  s.ution  llask  should  he  shaken 
with  a  I  iunlar  motion  ilnrnin  the  tiltratioii  The  pure  .,niu<.ne  tails  to 
tlie  hottoni  as  a  l.riuht  yellow  orange  precipitate  and  a  hlack  tariy  residue 
remains  on  the  filter.  A  secon.l  inirtion  of  twenty  urams  crmle  .luinone 
may  Ik.-  dissolved  111  sulphurous  acid  asUfore,  and  liltered  into  the  -ame 
oxiili/int;  mixture  without   removing;  the  iiuinone  already  there. 

tyftermnialii-n  .-/  ti-.\..,->/it/i.',/ui'io»r  :  l)eciut)rnial  stannous  chlorule  is 
added  from  .1  l.iintle  to  llie  (|uiiione  dissolved  in  ether.  A  dark  sreeii, 
almost  hlack.  opa(|ne  solution  te-ults;  owin«.  prohahly,  to  the  formation 
of  a  qniuhydroiie  ( »u  ..d.linj;  more  '.i;.  solution  a  iK.iiit  is  linally  reached 
at  which  the  sohiliuii  in  ether  snd.leiilv  hccomes  lolorlessand  transpateiit, 
indicating  the  complete  reduction  of  the  .iiiiuone  to  hydro.iuinoiie.  l-.ach 
nu)l.  qninoiiL  retinites, ,ne  iiiol.  SiiCI..  (  Taken,  c...  .7.0  «. ;  found,  u.u;  1  K.  >. 
Punfhatiou  ,»  "hthaloni,  .hid.  The  syrupy  solution  prepared  from 
najdithalene  and  iM)tassinni  iH-nuan^  Miate  hy  the  method  of  C.raehe  and 
Trumpv'  crvstalli/.es  on  Ion-  staiidhij;  in  a  desiccator  to  a  solid  mass, 
said  to  consist  of  the  dihv. Irate  of  phthuKmic  acid';  I  found  it,  howevtr, 
imix)ssil)le  to  ohlaiii  a  pu|.aratioii  of  delinite  composition  without 
K.mpletely  dehydratii.K  the  acid.  This  is  seen  from  the  folluwuiK 
determination  t>f  the  water  t)l  cryslalli/.ation 

l..y.7(.  V,.  ol  tile  i)ulveri/ed  amorphous  acid  was  healed  in  a  steam  bath 
for  five  h..uis;  the  h.ss  in  weinht  was  o.2U(.  K  H  was  further  heate.l 
at  I  i,s°    to  coii^i.iiit  weight.     Total  loss  in  weight,  o.  joof.  s 

H„„na  C,.U.    A.M...    Jll,>" 

11,0  ....  '-'- 

The  acid  thus  coiilaiiie.l  :  y-,' .  less  water  of  crvstalli/atioii  than  cur- 
res|K)lldsto  the  ililis  dl  .itc. 

/)fler»ii>nilion  0/  Plithal.oii.  .-i.iJ  Two  iiuthods  were  devised  for  tin- 
quantitative  (letelimnalioii  ,.f  phthaloiiic  acid,  lx)th  of  which  can  be 
,|uickly  and  accnrateh  carried  out.      In    the   first    the  carbon    monoxide 

'  liri    31.  },bi).   [  iSyS  i. 
■'  l\n<\  370.  .  uSgS), 
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evolved  on  lu-atim;  with  sulpluiric  ;unl  is  nifaMiri<l.   am'  llu-   -fi'in.! 

the  i>litli  ilotiu  aiid  is  oxiili/fil  by    a    VDlunictrn.    -uliitiKi       I    |iutasMiiiii 
|H'rinatiKaiiate. 

I'tfit  Method  The  iihtlialonicaiul.  alMUit  <>  s  «  .  i-  plati-tl  iii  a  tiiiik 
walled  hard  ulass  tot  ttiU-;  iiiii  5  ri  luiKtiitrated  sulithurk  icid  isaddid 
Tlie  IuIh!  i>  then  litled  Willi  a  rut''icr  >lnj)iHT  tliroii^;!i  wliu  li  pis^  t>-i> 
Xlass  tulies,  t)iu-  running  '<>  with  .1  liree  <|iiarlirs  of  ,iti  iiu  li  of  tin-  ^tirlacc 
of  the  acid  ami  loiiiiectetl  with  a  larhoti  dioxiile  ai>|>aratiis.  />'.  the  othei 
ending  just  flll-ih  with  the  tK)ttoni  ol  the  stnpiK't  and  luimnled  '  «  tlie 
inlet    tube    ot    a    Scliitrs  a/ototneter,  (     lontaiiiin^;     ;>',    .  atisti'    ,uta-li 


lilt  I 

solution.  The  air  is  completely  exjK-lleil  by  allowing  a  rapid  stream  of 
carl)on  dioxide  to  pass  through  the  apparatus,  the  iM)tash  solftion  dnrinn 
this  ojH.-ration  heinj;  almost  all  in  the  levelling  hull)  /'.  When  -he  air  is  aU 
exjielled  the  tube  of  the  a/.otometer  is  filled  with  tlitpv  ish  M)liition.  ami 
the  kvellinn  bulb  placed  so  that  the  surface  of  the  ]H)tash  in  it  is  atxnrt 
level  with  the  inlet  tut)e  of  the  a/.ototiicter,  the  mixture  of  phllialonic 
acid  and  sulphuric  acid  i.sK''-"bially  heated  in  a  paratVme  bath  to  130' 
when  carbon  monoxide  is  iiuite  rapidly  evolved.  'Phis  coiitimus  lor 
about  ten  minutes  when  the  cvolutioti  slackens.  The  lcmj>crature  i^  now 
raised  to  140"  and  in  fivf  minutes  more  the  Kreatei  part  of  the  carUtii 
monoxide  is  evolved.  At  this  temperature  carbon  monoxulc  would 
continue  to  be  evolved  verv  slowly  for  six  or  st-vcii  hours;  but  if  the 
temperature  is  rai.sed  to  180^  the  remaining  i;a>  is  ijuickly  given  ofl,   and 
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the  evolution  eiitirelv  ceases.  The  whole  duration  of  the  heating  is 
aljout  one  hour.  Tlie  carlwn  monoxide  rL-inaining  in  the  reaction  tube  is 
driven  over  into  the  azotometer  by  a  stream  of  carbon  dioxide;  the  level- 
ling bulb  is  raised  so  that  the  pressure  insi.le  the  azotometer  is  slin'tly 
greater  than  that  of  the  atmos].here,  and  the  a/otonieter  is  discount,  led 
iron,  the  heating  tube.  The  gas  is  then  transferred  to  a  gas  burette 
tilled  with  a  saturated  solution  of  carbon  nionoxide  in  water,  and  after 
standing  half  an  hour  tlu-  volume  is  read,  barometer  and  thermometer 
iK-ing  noted  In  each  ot  two  experiments  an  amount  ot  carbon  monoxide 
corresiK„uiiug  to  ...4^)  g-  of  phthalonic  aci.i  was  obtained  from  0.50c.  g.  ol 

the  acid.  ,    ,    ■■  ■ 

Another  seiie-.  ut    txpeiiments    showed    thai   when    phlhalic    acid    or 


phthalic  anhvdride  wis  heated  with  concentrated  sulphuric  acid  to  210", 
no  gas  not  absorbed  by  can-tic  potash  solution  was  evolved. 

Sfamd  Method  ;  This  m-.-tliod.  while  just  as  accurate  as  thepreceduig 
has  the  advantage  of  being  much  more  rapi.i;  it  allows  the  determination 
of  phthalonic  acid  ui  the  ,,reseme  ot  ,.hthalic.  homo,  hthalic,  and  pbthal- 
id-carbonic  acids. 

The  phthalonic  acid  is  dissolved  in  water,  sul].lmric  acid  added,  and 
deciuormal  ,x.lassmm  permanganate  run  in  from  a  burette.  The  oxidation 
is  -low  at  tirst,  but  increases  in  speed  as  it  proceeds,  owing  probably  to  the 
catalvtic  action  of  the  maiiganou-  sulphate  formed.  The  end  i»iut  can 
best  be  obtained  bv  running  in  an  excess  ..f  jiermangatiate  and  titrating 
back  with  ferrous  sulphate  until  the    last    tmge   ot    pink    is   .hscharged. 
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15v  wuikiiiu  111  this  way  the  Liid  point    cm    he   .li  ti  i  iiiiiu-.i    withmit   dith 
cnlty    within    two   dtops   <>t    twiiitiolh  normal    terroits    MilphalL.       Thr 
results  aurci-d  aivtirattlv  with  tht-  tliforv. 

Tlic  titration  must  not  he  carried  oi.  in  hut  solution^,  as  in  that  case 
hnmoplitlialic.  phthalid  carhoiiic,  and  even  phthalic  acids  are  aried  on. 
Hy  adding'  nunmanoils  >iilpliate  to  the  phtliah.nu-  acid  liel'oic  iiiiiniiiK  i" 
the  permanganate,  the  action  of  the  hitter  is  niiu  h  acceleiated 

S,fa>aln^u  and  nctrnnuuili.^n  .^t  rhthalu  ./,/,/  The  method  consist- 
in  separating  tlie  phthalic  acid  from  homophthaUc  and  phthahd-i  arl.oiiic 
acids  by  siihlimation.  md  delcriuinin^;  it  with  vohinielric  alkah  The 
apparatus  in  which  the -uhliniatiuii  is  t-ITectcd  is  nia(h-  up  of  th<  tc-t  ImI.c 
A.  the  air  t'ihe  U.  and  tlie  atisc.iheiit  cotton  C,  to  latch  the  snl.hmcd 
phthalic  aiihvdride.  The  tiihe  1!  ends  in  a  line  point  al-oiit  hall  an  inch 
ahove  the  mixture  of  .vr-an:  cids  in  the  hottoin  of  the  test  tiihe.  and  is 
connected  with  an  inverted  aspirator  I>. 

The  test  tiilie  is  immersed  to  the  depth  <if  .;  4  "i^"''  >"  •'  "'^•'■'''  ''='"'  ^^^1'' 
at  20(>''-.'2o  ,  and  a  fairly  strong  current  of  air  directed  on  to  the  surlace 
of  the  acids.  After  halt  an  lionr,  the  apparatus  is  removed  lr(mithe  hath. 
When  cool,  the  bottom  of  the  test  tube  is  cut  olT,  tiu' cott.  11  is  transftrre.i 
to  a  beaker  and  any  anhvdnde  adhering  to  the  interior  ot  .\  or  the  exterior 
of  H  is  waslied  into  the  iieaker  by  a  volumetric  solution  ol  caustic  ])otasli. 
Ivxcessof  the  i^otash  is  thfii  added  to  the  loiiteiits  of  tile  beaker,  and 
after  the  cotton  has  soaked  for  half  an  hour  in  the  alkaline  solution,  the 
excess  of  ilkali  is  determined  by  volumetric  sulphuric  acid  and  i>henol 
phthakiii,  '....ilini;  and  taking  the  usual  piecautioiis  to  avoid  errors  due  to 
carbon  dioxide.  A  blank  experiment  showed  that  the  Bauer  and  Black 
cotton     used  was  perfectly  neutral. 

In  this  connection  it  shouhl  be  noted,  that  phtlialic  aiihvdiide  ciiinot 
be  determined  by  caustic  potash  in  the  presence  of  .ilcohol;  even  the 
alcohol  contained  ill  a  few  drops  of  phenolphthalein  solution  iistd  as 
indicator  affects  the  results,  causing  the  red  col., r  to  apjiear  uith  too 
little  potash,  possibly  due  to  the  formation  of  an  acid  ester  of  i.hthaiu 
acid.  It  is  necessarv.  therefore,  to  introduci-  tlie  indicator  111  the  solid 
form,  or  dissolved  in  the  v<dumetric  iM)tash. 

The  foUowiuR  results  show  the  decree    of    ac^uracv    ot    the    metlio<i 
Taken,  o.jso  K.    phtlialic  acid,  0.2s    K-    hntiiophthalic   acid    aiidojs^ 
phthalid  carbonic  acid;  found,  <\J.S2  and  .'.rjo  u.  I'lithalic  aci<l. 

riuorr^irlu  Rni,tio>i  :  This  was  carried  out  111  the  following  maniiei 
t  )nc  decigram  of  resorciuol  was  mixed  with  its  own  weight  or  less  of  th' 
acid  to  be  tested,  moistened  in  a  test  tube  with  one  drop  of  .  niicentrated 
sulphuric  acid,  and  heated  t.>  I'W'  for  three  minutes  in  a  bath  of  siilpliiuu 
aci.l.  After  cooling,  the  mass  was  shaken  with  2  cc.  of  a  10  l-er  cent, 
solution  ol  caustic  soda,  and  poured  into  s"o  ei ,  ol  water. 
.s 
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NOTES 

When  rcsorcinol  alone  is  treated  as  described  above,  a  red  solution  is 
obtained  with  marked  blue  fliioresence.  One  deciKrani  of  phthalic  acid 
with  ttie  resorcinol  j^ives  a  liRht  sohition  with  verv  strotiR  green  flnor- 
cscence;  one  inillinram.  a  red  solution  witli  green  fluorescence,  and  one- 
fifth  milligram,  a  solution  redder  than  the  last,  with  blue  green  fluores- 
cence; on  comparing  it  with  the  solution  obtained  from  resorcinol  alone, 
the  green  hue  of  the  fluorescence  is  di'tinctlv  recognizable. 

The  following  substances  were  also  tested,  .ine  decigram  lieing  used  iti 
each  case:  naphthalene,  redpink  solution,  with  green  fluorescence;  >- 
naphthoquinone,  the  ^anic;  A  tiaphthoiiuinone,  dark  green  solution,  no 
fluorescence;  «-naphthol.  red  solution,  blue  fluorescence;  /^naphlhol.  the 
same.  In  none  of  these  ""ases  was  the  fluorescence  as  marked  as  when 
one-fifth  milligram  of  jihthalic  acid  was  employed.  Plithalonic  acid  gave 
a  dark  red  solution,  with  strong  bluegreeii  fluorescence;  phthalid  oarlion- 
ic  acid,  a  pink-red  solution  with  green  fluorescence,  much  resembling 
that  ot-.tained  from  naphthalene;  and  homophthalic  acid,  a  slightly  red 
solution,  with  green  fluorescence,  almost  as  strong  as  when  a  decigram  of 
phthalic  acid  was  used. 

I  desire  to  express  my  thanks  to  Prof,  \\ .  Lash  Miller  under  whose 
direction  this  work  was  performed. 
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